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1682-606X/Copyright ª 2014, TaiwanSummary Background: Single-incision laparoscopic surgery (SILS) has emerged recently, and
this procedure minimizes surgical trauma. Laparoscopic Roux-en-Y gastric bypass is one of the
most effective bariatric surgeries. From five to seven small skin incisions are usually required
to perform this procedure. In regard to the single-incision laparoscopic surgery procedure, we
developed a modified single-laparoscopic technique (2-site incision technique) to perform a
Roux-en-Y gastric bypass. Our method and the associated learning curve will be presented
here.
Methods: Three hundred consecutive patients with a mean age of 31.7 years (range, 19e52
years) underwent a two-site incision laparoscopic Roux-en-Y gastric bypass (TILRYGB) between
February 2009 and December 2010. The mean body mass index of the patients was 40.5 kg/m2
(range, 30.1e59.9 kg/m2) preoperatively. The same perioperative protocol and surgical tech-
nique were used in all patients. These 300 patients were equally divided into three groups in
sequence. The pre- and postoperative data were collected and compared.
Results: The TILRYGB procedure was performed successfully in all patients. The mean opera-
tive time of the groups in sequence was 170.9 minutes, 157.3 minutes, and 149.0 minutes. No
perioperative major complications occurred. Minor complications occurred in these three
groups in five, three, and zero cases. These minor complications included gastrointestinal
bleeding and ileus, all of which resolved with conservative treatment. The mean hospital stay
in sequence was 4.1 days, 3.8 days, and 3.5 days.ave no commercial associations that might be a conflict of interest in relation to this article.
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58 J.-C. Chen et al.Conclusion: TILRYGB is a safe, feasible, and reproducible bariatric procedure; once the
learning curve is overcome, it can provide better postoperative results than other surgical pro-
cedures.
Copyright ª 2014, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.Figure 1 Designed distribution of skin incisions.1. Introduction
Single-incision laparoscopic surgery (SILS) has emerged in
an attempt to reduce postoperative pain and further
enhance the cosmetic benefits of conventional laparoscopic
surgery. Recent studies have reported satisfactory results
of SILS for cholecystectomy, sleeve gastrectomy, and
colectomy.1e8 Laparoscopic gastric bypass is one of the
most complicated laparoscopic procedures, and SILS is not
yet in popular use because the intracorporeal sutures and
anastomosis cannot be achieved exactly. The laparoscopic
Roux-en-Y gastric bypass, which is more complex than a
mini-gastric bypass, is an effective bariatric surgical
procedure.9e13 From five to seven ports, however, are
usually required for this procedure, including three 12 mm
ports set separately for staplers, and scope usage as in
conventional gastric bypass surgery. A mastery of intra-
corporeal sutures is also needed to perform the operation.
In regard to SILS surgery, we developed a modified tech-
nique for performing a Roux-en-Y gastric bypass, which will
be presented here along with the associated learning curve.
2. Methods
Between February 2009 and December 2010, 300 consecutive
patients (218 women and 82 men) with a mean age of 31.7
years (range, 19e52 years) underwent a two-site incision
laparoscopic Roux-en-Y gastric bypass (TILRYGB). The mean
body mass index (BMI) of the patients was 40.5 kg/m2 (range,
30.1e59.9 kg/m2) preoperatively. All operations were per-
formed by three experienced laparoscopic surgeons. The in-
clusion criteria were morbidly obese patients (BMI  35 kg/
m2) and patients with diabetes mellitus with a BMI of30 kg/
m2. All patients were informed of the procedure and they all
provided consent. The same perioperative protocol and sur-
gical techniquewereused inall patients.Nospecificexclusion
criterion was selected. The pre- and postoperative data were
collected. The statistical method used was analysis of vari-
ance. The 300patientswere divided equally into three groups
in sequence for comparison of the operative time, blood loss,
length of hospital stay, and postoperative complications.
2.1. Operative technique
The patient is placed in the supine position with his/her
extremities extended. The operator stands between the
lower extremities of the patient. The assistant is on the left
side of the operator. One transverse skin incision of about
2.2 cm in length is made intraumbilically (Fig. 1). A pneu-
moperitoneum pressure of 15 mmHg is achieved with a
Veress needle as in the routine laparoscopic procedure. Wedesigned a “dual-port” technique with one 12 mm and one
10 mm trocar placed in the umbilical wound via the intra-
umbilical skin incision but through separate wounds of
fascia (Fig. 2). A 30, 10 mm laparoscope is inserted into the
10 mm port to ensure adequate operative arrangement.
Another 5 mm working port with a sharp trocar is placed in
the left abdominal wound under the laparoscopic view. A
subxiphoid skin puncture wound is made, and a blunt-tip K-
pin is used for liver retraction and good exposure of the
operative field (Fig. 3).
The operation is started by dissecting a window at the
lesser curvature of the high gastric body using a 5 mm
LigaSure (Covidien, Norwalk, CT, USA). After entering the
lesser sac, the retrogastric adhesions are removed to make
sure that the anterior and posterior walls of the stomach
can be seen clearly. Gastric transection is started with a
laparoscopic 45-mm Endo GIA rotary stapler (Covidien) with
a blue cartridge through the 12 mm port, while two vessel
branches are preserved at a lesser curvature of the gastric
tube. The second shot is fired with the same stapler in a
cephalad direction to form the distal end of the gastric
tube. A 32-F endoscope is then placed transorally at the
Figure 4 Gastrointestinal anastomosis (arrow) is finalized
with intracorporeal continuous sutures in two layers.
Figure 2 Trocars (12 mm and 10 mm) placed in the separate
wounds of the fascia (intracorporeal view via the lateral 5 mm
port).
Learning curve for gastric bypass 59end of the gastric tube as a stent. Consecutively, gold
staplers (Ethicon Endo-Surgery, Cincinnati, OH, USA) are
fired along the length of the endoscope until the angle of
His is reached. It is important to ensure complete division
of the gastric tube and the remnant gastric pouch. Intra-
corporeal serosa-to-serosa sutures are made along the
designed gastric tube using 3-0 Vicryl for reinforcement.
A small incision near the end of the gastric tube is made
using the 5-mm harmonic scalpel to prepare for gastro-
enterostomy. The omentum is then rotated into the lesser
sac. The omentum is bivalved to reduce the tension of gas-
troenterostomy. The ligament of Treitz should be found
next, and the length of the small bowel to be bypassed
needs to be calculated. The length of the small bowel bypass
is 100 cm.14 After reaching a sufficient length to bypass the
intestine, a small incision is made on the small intestine
using the harmonic scalpel. An Articulator 35 endoscopic
stapler (Conmed, Utica, NY, USA) with a white cartridge is
applied to these alimentary incisions to achieve gastroin-
testinal anastomosis via the 12 mm port. The defect of the
gastrointestinal anastomosis is repaired with intracorporeal
continuous 3-0 Vicryl sutures in two layers (Fig. 4).Figure 3 Blunt-tip K-pin for the liver retractor (arrow).One small incision is made on the proximal loop of the
small intestine using the harmonic scalpel. It is about 10 cm
away from the gastroenterostomy. The bypass length of the
efferent loop is calculated according to the BMI value.14 A
small incision using the harmonic scalpel is made on the
small intestine after reaching the length of a sufficient in-
testinal bypass. The Articulator 35 endoscopic stapler with
a white cartridge is applied to these alimentary incisions to
achieve enterointestinal anastomosis. The defect of the
enterointestinal anastomosis is repaired with intra-
corporeal continuous two-layer 3-0 Vicryl sutures.
The proximal intestinal loop is completely transected
near the gastroenterostomy using the Articulator 35 endo-
scopic stapler with a white cartridge. The defect of the
mesentery below the enterointestinal anastomosis and
Petersen’s space are closed with intracorporeal continuous
3-0 Vicryl sutures.
The endoscope is passed through the anastomosis to
ensure a patent orifice, and endoscopic insufflation is per-
formed for the air leakage test. The intraumbilical wound is
closed by the mesh plug technique using a bioabsorbable
hemostatic gauze (Cellulostat; Horng Tzer Medical In-
struments Co., Ltd, Kaoshiung, Taiwan).15 All ports and the
liver retractor are removed. The wounds are repaired with
5-0 Vicryl subcutaneous sutures. No drainage tube is left.3. Results
The procedure was performed in all patients smoothly. The
mean operative time of the three consecutive groups was
170.9 minutes, 157.3 minutes, and 149.0 minutes. The
mean blood loss was 58.1 mL, 53.2 mL, and 51.4 mL. The
mean hospital stay was 4.1 days, 3.8 days, and 3.5 days. No
major complications or perioperative mortality was
observed in this series. However, minor complications,
including gastrointestinal bleeding and ileus, were reported
in five, three, and zero cases in sequence. In Group I, there
were three cases with gastrointestinal bleeding and two
cases with ileus postoperatively. Three patients in Group II
experienced gastrointestinal bleeding. All of them were
managed with conservative treatment including bowel rest,
intravenous fluid supplement, proton pump inhibitor
60 J.-C. Chen et al.medication, and blood transfusion. No further surgical
intervention was necessary, but these complications led to
prolonged hospital stays.
A significant learning curve was observed for this tech-
nique. A comparison of the groups is given in Table 1. There
were no significant differences in the three groups with
respect to age, body height, waist, and BMI. However, the
operating time, postoperative hospital stay, and compli-
cation rate decreased significantly in sequence. Although
not statistically significant, a trend to decreasing blood loss
with increasing experience was noted (p Z 0.167).4. Discussion
Attempts to reduce the invasiveness of surgery have led
surgeons to develop new surgical techniques such as natural
orifice translumenal endoscopic surgery, laparoendoscopic
single-site surgery, and SILS. SILS is a product of investigation
of abdominal surgery. Several successful procedures have
been performed, but most of them are simple laparoscopic
surgeries.1e8 For complicated laparoscopic surgery, such as
laparoscopic gastric bypass, SILS does not appear to be
feasible becausemultiple ports are usually required for firing
staplers and performing intracorporeal sutures.
To our knowledge, this report is the first attempt to
analyze the learning curve of performing a laparoscopic
Roux-en-Y gastric bypass surgery using the SILS technique. In
the standard laparoscopic gastric bypass surgery, fromfive to
seven ports are required, including three 12 mm ports.9e13
Staplers are applied bilaterally through subcostal 12 mm
ports, and the videoscope is inserted via the periumbilical
12 mm port. For multiple large-size ports, each additional
skin incision leads to increasedpostoperative temporary pain
and muscle spasms. Vascular injury at the site of port inser-
tion is also not uncommon. Using the SILS concept, applying
all staplers through one umbilical port seems to be practi-
cable, and the use of multiple ports in the same incision can
solve the problem with the videoscope.
With this technique, a 2.2 cm intraumbilical skin incision
was designed with two trocars at the site. One 12 mm port
is used for applying all the staplers. A 10 mm port is used for
the videoscope in the same wound concurrently. However,
we may shift the “dual-port” wound to the supraumbilical
area with a transverse skin incision if the patient is too tall
or has a significantly high BMI and severe central obesity.
The current conventional instruments are not long enoughTable 1 Characteristics of groups in TILRYGB.
Patient Characteristics I
Age (y) 33 (10e52)
BMI (kg/m2) 40.1 (30e60.6)
Waist (cm) 115.8 (75e152)
Height (cm) 163.3 (141e185)
Mean operative time (min) 170.9 (95e255)
Mean blood loss (mL) 58.1 (10e250)
Hospital stay (d) 4.1 (2e19)
Complications (case no.) 5
*p < 0.05.
BMI Z body mass index; TILRYGB Z two-site incision laparoscopic Rofor approaching the angle of His from the umbilicus
adequately. A subxiphoid skin puncture wound with a blunt-
tip K-pin for liver retractor is suitable for most morbidly
obese patients to gain the best operative field.
Another obstacle when performing SILS in gastric bypass
is alimentary anastomosis. Exact intracorporeal sutures
cannot be achieved at present using conventional laparo-
scopic instruments through the ports of SILS. We use an
extra 5 mm port in the left upper abdomen to solve this
problem. In our experience, various intracorporeal sutures
for upper alimentary tract surgeries can be performed
easily using this technique, without compromising the
safety of gastric bypass surgery. Because it is not a “pure”
SILS procedure, we named this modified technique as “two-
site incision laparoscopic Roux-en-Y gastric bypass.”
However, there are difficulties associated with perform-
ing this procedure. The instruments and laparoscope on the
left side are crowded. Overcoming the technical challenges
of navigating instruments within a limited range of motion is
required. Switching the instruments between ports is
essential to optimize the range of motion of instruments for
better ergonomics. Coordination between the operator and
the camerapersonmay avoid clashing of the instruments and
the laparoscope during this procedure. Mature conventional
multiport laparoscopic skills are critical to the performance
of this new technique safely, without added complications.
Using trocars of different lengths in the umbilicus to avoid
clashing of the port heads is essential.
In this paper, we have described our method for per-
forming the TILRYGB procedure. In our procedure, different
staplers were used, but the operator may choose any sta-
pler for this technique.
Our attempt was to develop an adequate technique of
performing a Roux-en-Y gastric bypass with minimal laparo-
scopic invasions and without additional costs. The potential
advantages of the TILRYGB procedure are related to
decreasing the number of port incisions. Decreasing abdom-
inal wall trauma translates into less postoperative pain, a
more rapid recovery, fewer wound complications, improved
cosmetic outcomes (Fig. 5), and less vessel injury. On
comparing the groups,wehave found that theoperation time,
postoperative hospital stay, and complication rate decreased
significantly in sequence. Although the differences were not
significant, a trend to decreasing blood loss was noted in this
series. According to the follow-up questionnaire, most pa-
tients were satisfied with this procedure. Currently, we use
this technique to perform sleeve gastrectomy, Roux-en-YII III p
34.6 (18e62) 34.2 (18e61) 0.421
41.2 (31e59.2) 40.3 (30.1e59.9) 0.339
115.7 (80e213) 113.9 (72e167.5) 0.692
164.1 (146e187) 164.9 (153e183) 0.395
157.3 (95e255) 149 (100e250) 0.001*
53.2 (5e200) 51.4 (10e300) 0.167
3.8 (2e7) 3.5 (2e10) 0.016*
3 0 0.004*
ux-en-Y gastric bypass.
Figure 5 Cosmetic result of wounds (on Postoperative Day 3).
Learning curve for gastric bypass 61gastric bypass, and gastric cancer resection. The results are
satisfactory, and no specific instruments are needed. In our
series, all operations were performed smoothly by our three
experienced laparoscopic surgeons individually.
In conclusion, we have developed a modified SILS tech-
nique to perform complex laparoscopic bariatric surgery. It
is safe, technically feasible, reproducible, and minimally
invasive, but the learning curve should be overcome to
achieve better postoperative results. The results of the
learning curve show the importance of experienced skills.
In our experience, operators learning this technique may
manage a common case comfortably after 30 cases. A
difficult case can usually be managed smoothly after 60
cases. Finally, we hope that the development of new in-
struments and new techniques may lead to the achieve-
ment of a “pure” SILS surgery in the future.5,6
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